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NANOTECHNOLOGY - SCIENTIFIC AND
REGULATORY CHALLENGES
By DAVID B. FISCHER'
Nearly fifty years ago, in a speech delivered at the annual meet-
ing of the American Physical Society, world-renowned physicist
Richard P. Feynman invited his audience "to enter a new field of
physics," where "we could arrange the atoms one by one the way we
want them."2 Feynman's speech, aptly titled There's Plenty of Room at
the Bottom, provided the futuristic vision for what has become known
as nanotechnology, a term popularized years later by Eric Dexler,
"one of the most influential visionaries of the field."'3
The United States Environmental Protection Agency (EPA) de-
fines nanotechnology as "the understanding and control of matter
at dimensions of roughly one to 100 nanometers, where unique
phenomena enable novel applications. '4 A nanometer is one-bil-
1. David B. Fischer is an attorney in the Washington, D.C. law firm of Berge-
son & Campbell, P.C. Mr. Fischer provides legal and policy advice to clients relat-
ing to the regulation of chemicals by federal, state, and international
governmental entities. He also litigates in both state and federal courts. He can
be reached at dfischer@lawbc.com. This Article expands on remarks presented on
October 6, 2007, at the VILLANOVA ENVIRONMENTAL LAW JOURNAL Symposium on
Low-Dose Toxicity: Scientific Controversies, Regulatory Efforts & Potential
Litigation.
2. Richard P. Feynman, Address at Annual Meeting of the Am. Physical Soc'y
at the Cal. Inst. of Tech.: There's Plenty of Room at the Bottom (Dec. 29, 1959)
(transcript available in Cal. Inst. Tech. Eng'g & Sci.), available at http://www.zyvex.
com/nanotech/feynman.html (discussing implications of being able to control ar-
rangement of atoms).
3. Cyrus C. M. Mody, Small, but Determined: Technological Determinism in Nanos-
cience, 10 INT'LJ. FOR PHIL. CHEMISTRY 99, 99-128 (2004) [hereinafter Mody, Deter-
minism] (exploring nanotechnology's nonpresentism). "Drexler's background is
as a futurist, rather than as a practitioner of any of nanotechnology's constituent
communities." Id. at 107. Eric Drexler is a founder of the Foresight Nanotech
Institute. Id. at 108. For further information on the Foresight Nanotech Institute,
see Foresight Nanotech Inst., http://www.foresight.org (last visited Jan. 12, 2008).
4. Envtl. Prot. Agency, Fact Sheet for Nanotechnology Under the Toxic Sub-
stances Control Act, http://www.epa.gov/opptintr/nano/nano-facts.htm (Jan. 18,
2007) (defining nanotechnology). The National Nanotechnology Initiative (NNI)
defines nanotechnology as the "understanding and control of matter at dimen-
sions of roughly 1 to 100 nanometers, where unique phenomena enable novel
applications. Encompassing nanoscale science, engineering and technology, na-
notechnology involves imaging, measuring, modeling, and manipulating matter at
this length scale." Nat'l Nanotechnology Initiative (NNI), What is Na-
notechnology?, http://www.nano.gov/html/facts/whatIsNano.html (last visited
Jan. 13, 2008) (defining nanotechnology). The NNI is the federal initiative to har-
ness the benefits of nanotechnology by coordinating federal research efforts. NNI,
(315)
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lionth of a meter, or approximately one hundred thousand times
smaller than the diameter of a human hair, and considerably
smaller than that which can be seen by conventional light micro-
scopes. 5 Three decades after Feynman's prophetic speech, re-
searchers from IBM utilized the scanning tunneling microscope
(STM) to precisely spell out the initials "I.B.M." with thirty-five indi-
vidual xenon atoms.6 This was done under extremely low tempera-
tures, but nonetheless, the point was made that individual atoms
could be both manipulated and seen. 7
About the NNI, http://www.nano.gov/html/about/home-about.html (last visited
Jan. 13, 2008) [hereinafter About the NNI] (describing NNI). A more expansive
definition of nanotechnology can be found in the Office of Management and
Budgets Circular No. A- 11: "[r]esearch and technology development at the atomic,
molecular, or macromolecular levels, in the length scale of 1-100 nanometer
range, to provide a fundamental understanding of the phenomena and materials
properties at the nanoscale and to model, create, characterize, manipulate, and
use structures, devices, and systems that have novel properties and functions be-
cause of their small or intermediate size." OFFICE OF MGMT. & BUDGET, EXEC. OF-
FICE OF THE PRESIDENT, CIRCULAR No. A-11, PREPARATION, SUBMISSION, AND
EXECUTION OF THE BUDGET, FISCAL YEAR 2009, 10 of Section 84 (2007), available at
http://www.whitehouse.gov/omb/circulars/al 1/currentyear/a_l 1_2007.pdf
(describing NNI).
5. See NNI, The Scale of Things, http://www.nano.gov/html/facts/Thescale
-of things.html (last visited Mar. 7, 2008) (providing diagram illustrating nanos-
cale). Comprehending the smallness of nanomaterials is not unlike fathoming the
vastness of outer space. Id. The NNI website has a useful pictorial, which depicts
the relative scale of nanosized objects. Id. For example, a nanometer is about one-
half the diameter of deoxyribonucleic acid or DNA. Id.
6. Davis Baird & Ashley Shew, Probing the History of Scanning Tunneling Micros-
copy, in DISCOVERING THE NANOSCALE 145, 146 (Davis Baird, Alfred Nordmann &
Joachim Schummer eds., IOS Press 2004) (presenting abridged history of develop-
ment of scanning tunneling microscopy).
7. Id. (describing beginnings of tunneling microscopy). This remarkable
achievement has been described as "emblematic of the beginning of atomic preci-
sion, genuine nanotechnology." Id. As another example of IBM's inventive prow-
ess, Gerd Binnig and Heinrich Rohrer invented the Scanning Tunneling
Microscope (STM) in 1981, for which they deservedly were awarded the Nobel
Prize in physics in 1986. Id. at 145-46 (identifying inventors of STM); see also Cyrus
C. M. Mody, Corporations, Universities, and Instrumental Communities - Commercializing
Probe Microscopy, 1981-1996, 47 TECH. & CULTURE 56, 57 n.1 (2006) [hereinafter
Mody], Commercializing Probe Microscopy (describing how scanning probe micro-
scopes function); see Mody, Determinism, supra note 3, at 123 (referencing achieve-
ment of Heinrich Rohrer). Nanotechnology relies on electron microscopy to
allow researchers to see and in some instances manipulate matter on the nanos-
cale. See Mody, Commercializing Probe Microscopy, supra, at n.1 (describing several
microscopes). "Dip-pen" Nanolithography (DPN) is another means by which to
manipulate molecules. See Richard D. Piner, "Dip-Pen" Nanolithography, SCI., Jan.
29, 1999, at 661 (describing DPN). DPN "uses an atomic force microscope (AFM)
tip as a 'nib,' a solid-state substrate [such as gold] as 'paper,' and molecules with a
chemical affinity for the solid-state substrate as 'ink.' Capillary transport of mole-
cules from the AFM tip to the solid substrate is used in DPN to directly 'write'
patterns consisting of a relatively small collection of molecules in submicrometer
dimensions." Id. DPN may eventually serve as the basis for automating the crea-
2
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Nanomaterials have inherent characteristics not exhibited by
their macroscale counterparts. 8 In particular, nanomaterials have
relatively high surface activity because of their relatively large sur-
face area per unit of volume, as well as "greater catalytic efficiency,
increased electrical conductivity, and improved hardness and
strength."9 Nanomaterials, therefore, are not just smaller versions
of their macroscale counterparts.
Nanomaterials' unique properties offer broad, seemingly limit-
less potential beneficial applications across industrial sectors, in-
cluding, but not limited to, energy production and efficiency, water
treatment, health care, environmental remediation, and pollution
prevention. 10 The United States is not alone in its quest to unlock
the benefits of nanotechnology. Europe and Japan, in particular,
are in hot pursuit.1" Indeed, "[n]anotechnology is today's version
of the space race, and countries around the globe are enthusiasti-
cally pouring billions of dollars into support of research, develop-
ment, and commercialization." 12
As noted by the EPA, "[s]ome of the same special properties
that make nanomaterials useful are also properties that may cause
some nanomaterials to pose hazards to humans and the environ-
ment, under specific conditions. ' 13 Reaping the many benefits of
nanotechnology without fostering potential environmental and
human health risks from exposure to nanomaterials presents the
regulatory and scientific conundrum that is the impetus for this
Article.
tion of nanostructures. See Seunghun Hong & Chad A. Mirkin, A Nanoplotter with
Both Parallel and Serial Writing Capabilities, Sci., June 9, 2000, at 1811 (noting DPN
may allow researchers "to do high-resolution and aligned patterning of nanostruc-
tures on a large scale that is automated and moderately fast").
8. ENVrL. PROT. AGENCY, EPA 100/B-07/001, NANOTECHNOLOGY WHITE PAPER
1, 7 (2007) available at http://es.epa.gov/ncer/nano/publications/whitepaperl2
022005.pdf [hereinafter WHITE PAPER] (providing detailed analysis of implications
and applications of nanotechnology).
9. Id. at 13 (describing enhanced properties of nanotechnology).
10. Id. at I (providing basic description of nanotechnology).
11. COMM. TO REVIEW THE NAT'L NANOTECHNOLOGY INITIATIVE, NAT'L RE-
SEARCH COUNCIL, A MATTER OF SIZE: TRIENNIAL REVIEW OF THE NATIONAL NA-
NOTECHNOLOGY INITIATIVE 45-55 (National Materials Advisory Board et al. eds.,
National Academies Press 2006) [hereinafter NAT'L RESEARCH COUNCIL] (stating
that although United States is currently technologically ahead, other countries are
closing gap). The United States still leads the world in the number of na-
notechnology-related publications and in the number of patent applications and
issued patents. Id. at 53-54.
12. See Ernie Hood, Nanotechnology: Looking As We Leap, 112 ENVTL. HEALTH
PERSP., SEPT. 2004, AT A742 (reviewing benefits and risks of nanotechnology).
13. WHITE PAPER, supra note 8, at 13-14 (recognizing that nanomaterials cause
harmful effects in certain circumstances).
2008]
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I. THE REACH OF NANOTECHNOLOGY
Nanotechnology focuses on intentionally produced nanoscale
materials (or nanomaterials), and not on nanomaterials that may
be incidentally produced through combustion or on naturally oc-
curring nanomaterials, such as volcanic ash. 14 Examples of inten-
tionally produced nanomaterials include fullerenes, spherically
shaped carbon-based structures, and needle-like carbon tubes
known as nanotubes. 15 Nano-based consumer products number
well over five hundred, covering a wide swath of categories and sub-
categories, from health and fitness to electronics and computers. 16
Nanotechnology's impressive reach is not surprising. Na-
notechnology is fundamentally an enabling technology and pro-
vides the means for unprecedented advances in diverse
disciplines.17
II. SCIENTIFIC CHALLENGES-MORE QUESTIONS THAN ANSWERS
As with any new technology, benefits are often accompanied by
potential risks to human health and the environment.18 In the case
of nanotechnology, the same properties that confer benefits, such
as the relatively high reactivity of nanomaterials, raise concerns
14. Id. at 7 (identifying what is included in definition of nanotechnology).
15. Id. (providing examples of intentionally produced nanomaterials); see also
H.W. Kroto et al., C60 : Buckminsterfullerene, 318 NATURE, Nov. 14, 1985, at 162
(describing synthesis of C60, a stable cluster of sixty carbon atoms in an icosahedral
structure); see also Sumio Iijima, Helical Microtubules of Graphitic Carbon, 354 NA-
TURE, Nov. 7, 1991, at 56 (describing synthesis of carbon structures consisting of
needle-like tubes).
16. See Woodrow Wilson Int'l Ctr. for Scholars, The Project on Emerging Na-
notechnologies, http://www.nanotechproject.org/inventories/consumer/ (last
visited Jan. 13, 2008) (providing inventory of nanotechnology-based consumer
products currently on market).
17. See NAT'L RESEARCH COUNCIL, supra note 11, at 1 (highlighting broad
range of nanotechnology); see also Mihail C. Roco, Nanotechnology's Future, Sci. AM.,
Aug. 2006, available at http://www.sciam.com/article.cfm?id=nanotechnologys-fu-
ture (describing four evolutionary stages of nanotechnology, including stage one:
passive nanostructures; stage two: nanostructures that are altered during use; stage
three: systems of nanostructures; and stage four: molecular nanosystems). Na-
notechnology is also extending its reach into the academic realm, fueled in part by
federal research dollars. See Cyrus C.M. Mody, Nanotechnology and the Modern Uni-
versity, 28 PRACTICING ANTHROPOLOGY, Spring 2006, at 23 (noting importance of
nanotechnology studies at academic institutions). "Nano is trickling slowly into
the undergraduate curriculum . . .and at the graduate level, it's providing the
platform for new kinds of training and research, and new outlets for partnerships
with government and industry." Id. at 25.
18. SeeJohn Balbus et al., Getting Nanotechnology Right the First Time, IssuEs ScI.
& TECH., Summer 2005, at 2, available at http://findarticles.com/p/articles/mi
qa3622/is_200507/ai_n14716314 (advocating that regulators identify and address
nanotechnology's risks up front).
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about how nanomaterials will interact with biological systems.1 9 Na-
nomaterials have the ability to exert low dose toxicity - small
amounts of infinitesimally tiny materials or particles that are more
potent than their conventional counterparts. 20 For example, "car-
bon nanotubes displayed very different mass-based dose-response
relationships and lung histopathology when directly compared with
graphite." 21 Moreover, nanomaterials can be produced through
different processes, each yielding various physical and chemical
characteristics. 22
The high reactivity of nanomaterials are a function of their re-
markably small size; as their size decreases, "a resulting larger sur-
face-to-volume ratio per unit weight for nanoparticles correlates
with increased toxicity as compared with bulk material toxicity."2 3
In addition, "nanoparticles may pass into cells directly through cell
membranes or penetrate the skin and distribute throughout the
body once translocated to the circulatory system." 24 Nanomaterials
may exert not only portal-of-entry toxicity, but also systemic toxic-
ity.25 It is, therefore, inadequate to rely only on scientific knowl-
edge of macromaterials to understand the potential risk from their
nanomaterials counterpart.
In addition to the toxicological concerns with nanomaterials,
potential risks from nanomaterials are a function of exposure; with-
out exposure, either through inhalation, oral ingestion, or dermal
routes, there is no risk.26 There is little doubt, however, that
19. See Hood, supra note 12, at 745 (noting possible harmful nature of engi-
neered nanoparticles).
20. See id. (pointing to difference in nanomaterials). The terms "nanomateri-
als" and "nanoparticles" are used interchangeably throughout this Article.
21. See WHITE PAPER, supra note 8, at 52 (identifying results of examination of
nanotubes).
22. See id. at 32 (discussing nanomaterial characteristics).
23. See id. at 78 (noting results of decreased particle size); see also Balbus, supra
note 18, at 2 (identifying how toxicity is affected by nanoparticle shape); see also
NAT'L RESEARCH COUNCIL, supra note 11, at 80 (explaining need for additional
research given characteristics of nanoparticles). "[B]ulk properties of materials
significantly differ from the surface properties that are dominant at the nanos-
cale." NAT'L RESEARCH COUNCIL, supra note 11, at 80.
24. WHITE PAPER, supra note 8, at 78 (illustrating possibility of nanomaterials
entering cells because of relative size); see also NAT'L RESEARCH COUNCIL, supra note
11, at 78 (explaining that nanomaterials can enter human body and lead to "bio-
logical activity").
25. See WHITE PAPER, supra note 8, at 78 (predicting nanomaterials may have
broad effects on human body).
26. See id. (describing necessity of testing exposure to nanomaterials); see also
Envtl. Prot. Agency, EPA's Research in Risk Assessment, http://cfpub.epa.gov/
ncea/cfm/nceariskassess.cfm?ActType=RiskAssess (last visited Jan. 12, 2008) (ex-
plaining how EPA conducts risk assessment for exposure to toxic substances).
2008]
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human exposure to nanomaterials is not only occurring but in-
creasing, commensurate with the ever-growing number of nano-
based consumer products. 27 Some products, such as sunscreens, in-
tentionally expose people to nanomaterials. 28 Occupational expo-
sures to nanomaterials, whether in a laboratory or a manufacturing
facility, are of particular concern because the occupational setting
is where the manipulation of nanomaterials most commonly oc-
curs. 29  Potential environmental exposure to nanomaterials,
through direct or indirect releases of nanomaterials, is expected to
grow.30 In light of the exceedingly high surface area to mass ratios
exhibited by nanomaterials, some commentators suggest that either
surface area or number of particles may be more useful for measur-
ing exposures than the mass-based measurements. 31
27. See WHITE PAPER, supra note 8, at 42 (describing proliferation of human
exposure to nanomaterials). "As the use of nanomaterials in society increases, it is
reasonable to assume that their presence in environmental media will increase
proportionately, with consequences for human and environmental exposure." Id.
28. See Sunscreen Drug Products for Over-the-Counter Human Use: Proposed
Amendment of Final Monograph, 72 Fed. Reg. 49,070, 49,110 (Aug. 27, 2007)
(propose Aug. 27, 2007) (to be codified at 21 C.F.R. pts. 347, 352) (requesting
comment on safety of particular nanomaterial in sunscreen). The Food and Drug
Administration (FDA) acknowledges that sunscreens with nanoparticles are enter-
ing the consumer market in growing numbers and requests, inter alia, parties to
submit "data or information on the safety and effectiveness of sunscreen ingredi-
ents formulated in particles sizes as small as a few nanometers." Id. Organizations
have petitioned the FDA to adopt stricter regulations on nanoparticles in products.
See Petition from International Center for Technology Assessment to the FDA, Pe-
tition Requesting FDA Amend Its Regulations for Products Composed of Engi-
neered Nanoparticles Generally and Sunscreen Drug Products Composed of
Engineered Nanoparticles Specifically, No. 2006P-0210 1 (May 16, 2006), http://
www.fda.gov/ohrms/DOCKETS/dockets/06p0210/06p-0210-cpOOOO-01-voll .pdf
[hereinafter Petition Requesting FDA Amend Regulations] (encouraging FDA to
more strictly regulate products containing nanoparticles). Petitioners request that
the Commissioner of the FDA undertake numerous actions related to nanomateri-
als, including enacting "new regulations directed at FDA oversight of nanomaterial
products establishing and requiring, inter alia, that: nanoparticles be treated as new
substances; nanomaterials be subjected to nano-specific paradigms of health and
safety testing; and that nanomaterial products be labeled to delineate all nanopar-
ticle ingredients." Id. at 3.
29. See DEP'T OF HEALTH AND HUMAN SERVS., CTR. FOR DISEASE CONTROL AND
PREVENTION, NAT'L INST. FOR OCCUPATIONAL SAFETY & HEALTH, DRAFr FOR PUB.
COMMENT, APPROACHES TO SAFE NANOTECHNOLOGY: AN INFORMATION EXCHANGE
WITH NIOSH (2006) [hereinafter NIOSH REPORT] (explaining difficulty in differ-
entiating engineered nanomaterials from ubiquitous incidental nanomaterials).
There are "gaps in knowledge about the factors that are essential for predicting
health risks - factors such as routes of exposure, translocation of materials once
they enter the body, and interaction of the material with the body's biological
systems." Id. at 6.
30. See WHITE PAPER, supra note 8, at 32 (describing probability of future ex-
posure to nanomaterials).
31. NIOSH REPORT, supra note 29, at 19-20 (suggesting alternative means for
measuring nanoparticles).
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The EPA does not mince words in describing the current state
of nanotechnology science: "There is a significant gap in our knowl-
edge of the environmental, health, and ecological implications as-
sociated with nanotechnology." 32 A committee of the National
Research Council (NRC), which recently conducted a review of the
National Nanotechnology Initiative (NNI), also shares this view. 33
Although the NNI "is successfully coordinating nanoscale R&D ef-
forts and interests across the federal government,"34 the NRC rec-
ommends that "research on the environmental, health, and safety
effects of nanotechnology be expanded."35 In particular, the NRC
recommends "that effective methods be developed and applied to
(1) estimate the exposure of humans, wildlife, and other ecological
receptors to source material; (2) assess effects on human health
and ecosystems of both occupational and environmental exposure;
and (3) characterize, assess, and manage the risks associated with
exposure. '3 6 The United States Food and Drug Administration and
32. WHITE PAPER, supra note 8, at 52 (explaining unknown information of
nanomaterials' effects on human health). Indeed, EPA's WHITE PAPER is replete
with references to data gaps and the need to fill them. "In summary, not enough is
known to enable meaningful predictions on the biodegradation of nanomaterials
in the environment and much further testing and research are needed." Id. at 36.
"In general, models used to assess the environmental fate and exposure to chemi-
cals are not applicable to intentionally produced nanomaterials." Id. at 39. "Much
remains to be scientifically demonstrated about the mechanisms by which human
exposure to nanomaterials can occur." Id. at 46. "Very little is known regarding
the deposition and fate of ... nanomaterials following inhalation, ingestion, or
dermal exposures." Id. at 56. "More information is critically needed to under-
stand the exposure-dose-response relationships of intentionally produced nano-
materials in order to recommend safe exposure levels that protect the most
susceptible subpopulations." Id. at 57.
33. See About the NNI, supra note 4 (describing NNI's goals and composi-
tion). The NNI is a federal R&D program established in 2000 to coordinate na-
notechnology research conducted by federal agencies. Id. No fewer than twenty-
six federal agencies participate in the NNI, and many of these have their own na-
notechnology budgets. Id. One of the four goals of the NNI is to "facilitate trans-
fer of new technologies into products for economic growth,jobs, and other public
benefit." Id. "It is no accident that the NNI is a nanotechnology and not a nanos-
cience initiative." Baird & Shew, supra note 6, at 150 (noting appropriateness of
corporate and governmental interest in nanotechnology).
34. See NAT'L RESEARCH COUNCIL, supra note 11, at 4 (summarizing evidence
that NNI has been successful in nanotechnology coordination efforts).
35. Id. at 11 (stating further recommendations by NRC to assist in responsible
development of nanotechnology).
36. Id. at 11-12 (stating further recommendations by NRC to assist in respon-
sible development of nanotechnology). "[T]he body of published research ad-
dressing the toxicological and environmental effects of engineered nanomaterials
is still relatively small." Id. at 78.
2008]
7
Fischer: Nanotechnology - Scientific and Regulatory Challenges
Published by Villanova University Charles Widger School of Law Digital Repository, 2008
322 VILLANoVA ENVIRONMENTAL LAW JOURNAL [Vol. XIX: p. 315
the National Institute for Occupational Safety and Health (NIOSH)
also acknowledge the need to fill scientific data gaps.3
7
Despite these significant gaps, we are not starting with the pro-
verbial "blank slate." Our scientific knowledge of ultrafine parti-
cles, incidentally produced nonengineered nanoparticles through
combustion, for example, is robust and "provides a scientific basis
from which to evaluate the potential hazards of engineered na-
noparticles. ''38 It is reasonable to assume that if both engineered
and nonengineered nanoparticles have the same physiochemical
characteristics, they may also pose similar health concerns.
39
III. REGULATORY CHALLENGES
In addition to the scientific challenges posed by nanomaterials,
there are attendant regulatory challenges regarding the degree to
which the EPA should invoke its regulatory authority to manage the
potential risks created by nanomaterials. Under the Toxic Sub-
stances Control Act (TSCA),40 the statute generally acknowledged
to be the most applicable to addressing nanomaterials, the EPA has
concluded that "a chemical substance that has the same molecular
identity as a substance listed on the Inventory is considered to be an
existing chemical," and therefore, not subject to the Premanufac-
ture Notice (PMN) requirements. 41 According to the EPA, molecu-
37. See FDA NANOTECHNOLOGY TASK FORCE, REPORT OF THE U.S. FDA NA-
NOTECHNOLOcY TASK FORCE 1 (2007), available at http://www.fda.gov/nanotech-
nology/taskforce/report2007.pdf [hereinafter FDA NANOTECHNOLOGY REPORT]
(discussing limited ability of FDA to detect nanoscale materials). There currently
exists a limited "ability to detect nanoscale materials in the body or in products
regulated by FDA... and [the] development of appropriate analytical methods for
classes of products and of nanoscale materials may require substantial effort." Id.
at 18; see also NIOSH REPORT, supra note 29, at 6 (stating that uncertainties exist
about health risks from nanotechnology because of gaps in knowledge).
38. See NIOSH REPORT, supra note 29, at 10 (discussing use of existing litera-
ture on particles and fibers to evaluate potential nanotechnology hazards). "Inci-
dental nanoscale particles are generated in a relatively uncontrolled manner and
are usually physically and chemically heterogeneous compared with engineered
nanoparticles." Id. at 4 (stating difference between engineered nanoparticles and
incidental nanoscale particles).
39. Id. at 11 (hypothesizing that similarities between engineered nanopar-
ticles and ultrafine particles may also extend to similar health concerns).
40. Toxic Substances Control Act (TSCA), 15 U.S.C. §§ 2601-2692 (2006)
(providing text of statute). See generally Lynn L. Bergeson & Bethami Auerbach,
Reading the Small Print, ENVrL. FORUM, Mar./Apr. 2004, at 30-49, available at http://
www.environmental-expert.com/files/4280/articles/3901/3901.pdf (discussing
statutory and regulatory implications of nanotechnology).
41. ENVrL. PROT. AGENCY, TSCA INVENTORY STATUS OF NANOSCALE SUBSTANCES
- GENERAL APPROACH 1, 1-3 (2007), http://epa.gov/oppt/nano/nmsp-inventorypa-
per.pdf [hereinafter EPA, TSCA INVENTORY STATUS] (emphasis added) (discussing
EPA's interpretation of TSCA). Pursuant to section 5(a) (1) of TSCA, at least 90
8
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lar identity does not encompass particle size, regardless of any
unique properties that may render the nanoscale substance a
greater risk than its macroscale counterpart. Instead, molecular
identity is "based on such structural and compositional features as
the types and number of atoms in the molecule, the types and num-
ber of chemical bonds, the connectivity of the atoms in the mole-
cule, and the spatial arrangement of the atoms within the
molecule. '42 NIOSH, however, disagrees with the EPA's position
and publicly stated that particle size should be a factor in determin-
ing whether a nanomaterial is a new chemical substance and thus
subject to the PMN requirements. 43 Other interested parties have
voiced similar objections to what they perceive as the EPA's overly
narrow view of TSCA. 44
days prior to manufacturing or processing a new chemical substance, a person
must provide written notification to EPA. See TSCA §§ 2601-2692. This notifica-
tion, known as "Premanufacture Notice" (PMN) must include the known or rea-
sonably ascertainable information specified in section 8(a) of TSCA, which
includes, inter alia, "[a]ll existing data concerning the environmental and health
effects of such substance or mixture." See TSCA § 2607(A) (2) (E). A PMN does
not require the submitter to conduct new studies for submission to EPA. See LYNN
BERGESON & TRACv HESTER, NANOTECHNOLOGY DESKBOOK 1, 14-15 (Envtl. Law Inst.
ed., 2008) (providing guide to current environmental statutes, regulations, and
policies applicable to nanomaterials). See generally Lynn L. Bergeson & Joseph E.
Plamondon, TSCA and Engineered Nanoscale Substances, 4 NANOTECHNOLOGY LAW &
Bus. 617, 617 (Mar. 2007) (providing overview of key provisions of TSCA and how
EPA may choose to apply them to nanoscale substances).
42. ENVTL. PROT. AGENCY, TSCA INVENTORY STATUS, supra note 41, at 3 (quot-
ing EPA discussion of molecular identity of chemical substances).
43. See generally DEP'T OF HEALTH AND HuMAN SERVS., CTR. FOR DISEASE CON-
TROL AND PREVENTION (CDC), NIOSH, COMMENTS OF THE NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH, EPA-HQ-OPPT-2004-0122 1 (Sept. 7, 2007),
http://emerginglitigation.shb.com/Portals/f'81bfc4f-cc59-46fe-9ed5-7795e6eea5
b5/epa2007_1481g.pdf [hereinafter COMMENTS OF NIOSH] (quoting NIOSH lan-
guage about EPA notice issued). "NIOSH suggests that EPA consider particle size
- as it relates to the unique or enhanced properties of nanoscale substances - in its
decision criteria for determining if a nanoscale material is considered a new chem-
ical for the TSCA Inventory." Id. at 4.
44. See generally Richard A. Denison, Ph.D., Comments on EPA's "Concept Paper
for the Nanoscale Materials Stewardship Program under TSCA " and "TSCA Inventoy Sta-
tus of Nanoscale Substances - General Approach", ENVrL. DEF. 1, 1-24 (Sept. 7, 2007)
(on file with author) (discussing EPA's narrow view of TSCA). "Nanoscale materi-
als are of commercial interest precisely because they have new and enhanced
properties that differentiate them from their bulk counterparts (where such coun-
terparts exist)." Id. at 15. "It is widely acknowledged, and there is mounting cor-
roborating evidence, that such different properties also mean they can differ with
respect to their biological activity. Policy that treats them as if they aren't different
is illogical and flies in the face of common sense." Id. at 16. These arguments,
however, "did not, in the Agency's judgment, compel modification of the basic
approach described in the TSCA Inventory Paper .... Nanoscale Materials Stew-
ardship Program, 73 Fed. Reg. 4861, 4862 (Jan. 28, 2008) (noting Agency response
to comments regarding TSCA Inventory Paper). In 2007, the American Bar Asso-
ciation's (ABA) Section on Environment, Energy, and Resources (SEER) prepared
2008]
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Rather than initiate new regulatory action, the EPA launched a
voluntary Nanoscale Materials Stewardship Program (NMSP) on
January 28, 2008. 45 The NMSP encompasses a six-month basic data
reporting phase and a subsequent in-depth data development
phase expected to last at least eighteen months. 46 Basic data falls
into broad categories including production, importation, use, and
detailed briefing papers that explored the EPA's authority to regulate nanomateri-
als under six core environmental statutes. See generally ABAnet.org, Section Na-
notechnology Project, http://www.abanet.org/environ/nanotech/ (last visited
Feb. 21, 2008) (discussing ABA's stand on nanotechnology and EPA). For exam-
ple, the TSCA briefing paper addresses how specific provisions of TSCA provide
the EPA with the tools to manage potential risks associated with nanotechnology.
Id. These papers were provided to the EPA's Office of General Counsel, as well as
numerous program offices within the EPA; they are currently available on the web-
site with the hope that they will be reviewed and considered by the many stake-
holders concerned with the responsible development of nanotechnology. Id.
SEER is now preparing briefing papers on other relevant statutes including the
Federal Food, Drug, and Cosmetic Act. Id.
45. Nanoscale Materials Stewardship Program, 73 Fed. Reg. at 4861 (describ-
ing details of Nanoscale Materials Stewardship Program); see also Lynn L. Berge-
son, Good Governance: Evolution of the Nanoscale Materials Stewardship Program, 4
NANOTECHNOLOGy LAW & Bus. 1, 4 (Winter 2007) (discussing evolution of NMSP
and related Concept Paper for NMSP and TSCA Inventory Paper); see also Pat Riz-
zuto, Most Commenters Urge EPA to Launch Soon Nanoscale Materials Stewardship Pro-
gram, 180 DAILY EN,'T REPORT A-1 (Sept. 18, 2007) (describing that, while
organizations urge EPA to implement plan as soon as possible, organizations disa-
gree as to EPA's approach to nanomaterials). Environmental Defense, for exam-
ple, concluded that a voluntary program no longer made any sense, given the
delay in implementing the NMSP, and urges the EPA instead "to move expedi-
tiously to develop and implement mandatory reporting rules applicable to all com-
panies producing, importing and handling engineered nanoscale materials."
Denison, supra note 44, at 18 (concluding voluntary program is insufficient). Yet
there is a striking inconsistency between the sense of urgency conveyed in the
EPA's WHITE PAPER, and the EPA's more plodding approach of developing the
NMSP. For example, the EPA notes in its WHITE PAPER that "[i]t will be crucial
that the Agency's approaches to leveraging the benefits and assessing the impacts
of nanomaterials continue to evolve in parallel with the expansion of and advances
in these new technologies." WHITE PAPER, supra note 8, at 3. Moreover, the EPA
readily acknowledges its "obligation and mandate to protect human health and
safeguard the environment by . . . addressing potential risks from exposure to
[these] nanoscale materials . . " Id. at 1. In contrast, no parallel criticality is
evident in the way in which the EPA has developed the NMSP.
46. Nanoscale Materials Stewardship Program, 73 Fed. Reg. at 4861 (explain-
ing EPA's initiative for nanotechnology).
EPA intends to publish a summarized interim report approximately 1
year after initiation of the program that will be based on data reported
during the first 6 months of the basic program. EPA will then develop a
more detailed report that reflects its evaluation of the program approxi-
mately 2 years after initiation of the program. Id.
In addition, the EPA will post quarterly updates on its nanotechnology website.
Id. at 4865. The EPA intends to use the data submitted under the NMSP for multi-
purposes, including "where appropriate, to aid in determining how and whether
certain nanoscale materials or categories of nanoscale materials may present risks
to human health and the environment." Id. at 4864.
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exposure information; risk management practices; and hazard in-
formation. 47 In-depth data could include testing for health and en-
vironmental hazards, monitoring or estimating exposures and
releases, determining fate and transport characteristics, and evalu-
ating the effectiveness of protective equipment or engineering
controls. 48
IV. MEETING THE CHALLENGES
Although by no means insurmountable, the scientific and reg-
ulatory challenges discussed in this Article must soon be addressed
by both government and industry alike if nanotechnology's benefits
are to be fully realized. The scientific data gaps are formidable and
will take considerable time to close. 49 To date, efforts to prioritize
environmental, health, and safety research needs have been de-
scribed by stakeholders as "tediously slow," lacking both timeframes
47. Id. at 4863-66 (categorizing varieties of data); see also ENVTL. PROT.
AGENCY, CONCEPT PAPER FOR THE NANOSCALE MATERIALS STEWARDSHIP PROGRAM
UNDER TSCA 1 (July 12, 2007), http://www.regulations.gov/fdmspublic/compo-
nent/main?main=DocumentDetail&d=EPA-HQ-OPPT-2004-0122-0058 (discussing
NMSP); see also DEP'T FOR ENV'T., FOOD AND RURAL AFFAIRS, THE UK VOLUNTARY
REPORTING SCHEME FOR ENGINEERED NANOSCALE MATERIALS 1 (Sept. 22, 2007),
http://www.defra.gov.uk/environment/nanotech/policy/pdf/vrs-nanoscale.pdf
[hereinafter UK VOLUNTARY REPORTING SCHEME] (providing update on UK's vol-
untary reporting scheme). In a similar voluntary initiative launched by the United
Kingdom's Department of Environment, Food and Rural Affairs, only nine data
submissions have been received, seven from industry and two from academia. See
id. An advisory committee has recommended improvements "to increase partici-
pation levels and enhance the quality and relevance of data submitted." Id.; see also
Nanoscale Materials Stewardship Program and Inventory Statute of Nanoscale Sub-
stances under the Toxic Substances Control Act; Notice of Availability, 72 Fed.
Reg. 38083 (July 12, 2007) (discussing potential for low participation in NMSP).
The EPA appears well-aware of the potential for low participation in the NMSP and
specifically requests public comments on "how to encourage participation, espe-
cially from small and medium sized enterprises." Envtl. Prot. Agency, Nanoscale
Program Approach for Comment (July 12, 2007), http://www.epa.gov/oppt/
nano/nmspfr.htm (listing key questions for which EPA seeks comments). In the
Federal Register notice announcing the NMSP, however, the EPA does not offer
any specific incentives to encourage participation, other than "to meet with small
and medium sized nanotechnology companies to assist these companies with un-
derstanding TSCA and participating in the stewardship program." Nanoscale
Materials Stewardship Program, 73 Fed. Reg. 4861, 4865 (Jan. 28, 2008) (describ-
ing benefits of participation in stewardship program).
48. See UK VOLUNTARY REPORTING SCHEME, supra note 47 at 2-3 (detailing how
reporting schemes can enhance research on nanomaterials and what data could
result).
49. Andrew D. Maynard et al., Commentary, Safe Handling of Nanotechnology,
444 NATURE 267 (Nov. 16, 2006), available at http://www.nature.com/nature/jour-
nal/v444/n 7117/full/444267a.html jsessionid=DACBC1C78F208A6E5C517CF985
3EE1A5 (detailing issues confronting nanotechnology research and proposing five
challenges to stimulate research).
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and designated lead agencies.50 Despite these criticisms, a number
of NNI member federal agencies are developing their own research
plans. For example, NIOSH produced an ambitious plan to fill
data gaps on the occupational safety and health aspects of na-
notechnology.51 The EPA's White Paper includes a plethora of re-
search recommendations for risk assessment5 2 on nanotechnology
applications and identifies the potential lead office in the EPA for
each recommendation. 53 On February 13, 2008, the EPA released
for public comment its draft Nanomaterial Research Strategy,
which builds upon the research needs delineated in the White Pa-
50. Bureau of Nat'l Affairs, Federal Effort to Set Research Priorities Called 'Tediously
Slow' by Some Commenters, 183 BUREAU NAT'L AFFAIRS DAILY ENV'T REPORT A-7 (Sept.
21, 2007) (revealing criticism on federal efforts to research health, environment,
and safety concerns surrounding nanotechnology). The interim document, "Pri-
oritization of Environmental, Health, and Safety Research Needs for Engineered
Nanoscale Materials," was issued in final in February 2008 after taking into account
public comments. See NANO.gov, NSET Releases Document: Strategy for Na-
notechnology-Related Environmental, Health, and Safety Research, http://www.
nano.gov/html/news/releases/20080214_NNIReleasesEHS-ResearchStrategy.
html (last visited Mar. 4, 2008) (describing release of document).
51. NANOTECHNOLOGY RESEARCH PROGRAM, NAT'L INST. FOR OCCUPATIONAL
SAFETY AND HEALTH, CTRS. FOR DISEASE CONTROL AND PREVENTION, STRATEGIC PLAN
FOR NIOSH NANOTECHNOLOGY RESEARCH: FILLING THE KNOWLEDGE GAPs, 1 (Sept.
28, 2005), www.cdc.gov/niosh/topics/nanotech/strat-plan.html (setting forth na-
notechnology research plan and strategic goals of plan).
52. WHITE PAPER, supra note 8, at 30 (assessing risks of nanotechnology). The
widely used risk assessment approach for conventional chemicals is thought to be
generally applicable to nanomaterials, but this approach should take into account
the product's "'lifecycle' - its full life from initial sourcing through manufacture,
use, disposal or recycling, and ultimate fate." See Environmental Defense-DuPont
Nano Partnership, Nano Risk Framework 12 (June 2007) (on file with author) (fram-
ing responsible development of nanoscale materials). The Environmental De-
fense-DuPont Nano Partnership has put into place its own "Nano Risk
Framework," and, according to the Partnership "[t]he purpose of the Framework
is to define a systematic and disciplined process for identifying, managing, and
reducing potential environmental, health, and safety risks of engineered nano-
materials across all stages of a product's 'lifecycle' ... ." Id. The paucity of scien-
tific data regarding the potential risks from nanomaterials is abundantly clear
throughout the Nano Risk Framework: "the development of suitable bioassays is at
an early stage of development." Id. at 45. "At this time, there are no standard
methods, or even widely accepted methods, for assessing nanomaterials' environ-
mental fate ...." Id. at 50. "There are still too many unknowns on how physical-
chemical properties may influence behavior of nanomaterials in the environ-
ment." Id. at 51. Risk assessment consists of four steps - hazard identification,
dose-response assessment, exposure assessment, and risk characterization - but
does not typically address risk from a lifecycle perspective. Envtl. Prot. Agency,
EPA's Research in Risk Assessment, http://cfpub.epa.gov/ncea/cfm/nceariskas-
sess.cfm?ActType=RiskAssess (last visited Feb. 1, 2008) (describing elements of risk
assessment).
53. See ENVTL. PROT. AGENCY, NANOTECHNOLOGY: AN EPA PERSPECTIVE FACT-
SHEET 1, 1-2 (June 2007), http://es.epa.gov/ncer/nano/factsheet/nanofactsheet
june07.pdf (describing nanotechnology and stating EPA's nanotechnology efforts
are headed by Office of Research and Development).
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per.54 The EPA also has a robust research grant program and has
awarded numerous grants to study the implications as well as the
applications of nanotechnology. 55 Further, the National Science
Foundation (NSF), the lead federal agency for the NNI, solicited
"proposals to create a national Center to conduct fundamental re-
search and education on the implications of nanotechnology for
the environment and living systems at all scales."
56
With regard to confronting nanotechnology's regulatory chal-
lenges, there is no dearth of suggestions on how they should be
addressed. Indeed, nanotechnology has even piqued the interest of
former EPA Administrator William Ruckelshaus. 57 In a recent op-
ed by Ruckelshaus andJ. Clarence Davies, the authors call upon the
EPA to take the following four critical steps: (1) immediately
launch the NMSP; (2) revise TSCA regulations to explicitly address
nanomaterials, and seek amendments to TSCA itself so that the
EPA can obtain health and safety data on nanomaterials;5 8 (3) dra-
matically increase research on the impacts of nanotechnology on
human health and the environment; and (4) support efforts to de-
velop a new system of oversight for nanotechnology, taking into ac-
54. See Notice of Availability of the Nanomaterial Research Strategy External
Review Draft and Expert Peer Review Meeting, 73 Fed. Reg. 8309 (Feb. 13, 2008)
(announcing availability of draft report for public comment and external peer re-
view). "The draft research strategy provides a discussion of research to be con-
ducted both in-house and extramurally to understand the impact of engineered
nanomaterials." Id. at 8310.
55. See id. (stating Office of Research and Development has funded 32 re-
search grants for more than $11 million).
56. See SUZANNE H. PLIMPTON, REPORTS CLEARANCE OFFICER, Div. OF ADMIN.
SERVS., NAT'L Sci. FOUND., CENTER FOR THE ENVIRONMENTAL IMPLICATIONS OF NA-
NOTECHNOLOGr. PROGRAM SOLICITATION 1, 2 (2007), http://www.nsf.gov/pubs/
2007/nsf07590/nsf07590.pdf (quoting push for promotion of nanotechnology).
The Center will seek to understand how nanomaterials interact with organisms,
including whether and to what extent nanomaterials bioaccumulate. It is notewor-
thy that the NSF's solicitation is focused not only on engineered nanomaterials but
on the "interactions of naturally derived, incidental and engineered nanoparticles
and nanostructured materials, devices and systems ... with the living world." Id.
(emphasis added).
57. See William Ruckelshaus & J. Clarence Davies, An EPA for the 21st Century,
BOSTON GLOBE, July 7, 2007, at A9, available at http://www.boston.com/news/
globe/ edi torial opinion / oped/ articles/ 200 7/ 07/ 0 7/ an-epa forthe_21stcen-
tury/ (emphasizing need for EPA to get up to speed on regulation of
nanotechnology).
58. Linda Breggin & Leslie Carothers, An Agenda for the Nano Revolution,
ENVTL. FORUM, July/Aug. 2007, at 47 (applying environmental law to emerging
technologies). "To use any existing authorities effectively.., amendments to regu-
lations and the issuance of new policies and guidance are likely to be necessary."
2008]
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count the perspectives of consumers, environmental groups,
industries, and Congress. 59
Lux Research, Inc. (Lux Research), which provides strategic
advice on emerging technologies, including nanotechnology, urges
nanotechnology companies to move swiftly in addressing real risks,
perceptual risks, and regulations.60 Lux Research sternly warns
companies not "to avoid perceptual risk by keeping quiet about
their nanotech activities." 6 1 "[I]t's futile, not to say suicidal, to at-
tempt to stay silent or keep the lay public out of the discussion. '62
Instead, "companies should share their safety studies, collaborate
with trusted partners, and explain the benefits nanotech can
bring. ' 63 Lux Research is similarly unequivocal in advising compa-
nies to resolve real risks by: taking inventory of all nanomaterials
used across the company, understanding "how its nanomaterials
will be used downstream. . . and the potential exposures across
those products' life cycles," 64 characterizing potential risks based on
the hazards and exposures associated with each nanomaterial appli-
cation, and managing risks by minimizing hazards of or exposure to
their nanomaterials. 65
59. Id. at 47-48 (calling for EPA to take action); see alsoJ. CLARENCE DAVIES,
WOODROW WILSON INT'L CTR. FOR SCHOLARS, PROJECT ON EMERGING NA-
NOTECHNOLOGIES, EPA AND NANOTECHNOLOGY: OVERSIGHT FOR THE 21ST CENTURY 1
(May 2007), http://www.nanotechproject.org/filedownload/files/Nano&EPA_
PEN9.pdf (outlining more expansive view of Davies's recommendations for ad-
dressing challenges of nanotechnology).
60. See MICHAEL W. HOLMAN, Lux RESEARCH, INC., TAKING ACTION ON NA-
NOTECH ENVIRONMENTAL, HEALTH, AND SAFETY RISKS 1, 16 (May 2006) (urging com-
panies to avoid real risk by implementing regulations).
61. Id. at 20 (warning companies to not avoid perceptual risk by keeping si-
lent on issue).
62. Id. (detailing risk of keeping public uninformed about risks of
nanotechnology).
63. Id. at 2 (recommending that companies be forthcoming with information
about nanotechnology, including vast benefits it could provide).
64. Id. at 19 (explaining process firms must institute to inventory, map, char-
acterize, and act on nanomaterials in use).
65. See HOLMAN, supra note 60, at 20 (providing specific guidelines for compa-
nies to monitor production and dissemination of nanomaterials in production of
products to enhance research on detection and monitoring of nanomaterials in
environment). Contra MARK GREENWOOD, WOODROW WILSON INT'L CTR. FOR
SCHOLARS, PROJECT ON EMERGING NANOTECHNOLOGIES, THINKING BIG ABOUT
THINGS SMALL: CREATING AN EFFECTIVE OVERSIGHT SYSTEM FOR NANOTECHNOLOGY 1
(March 2007), available at http://www.nanotechproject.org/file-download/files/
Greenwood%20-%20PEN%207.pdf (recommending tiered testing approach for
nanomaterials). "[Ijt is neither reasonable nor politically realistic to expect that
industry will develop an exhaustive set of toxicity and exposure testing data for
every material for every application." Id. at 16.
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With regard to nanomaterial specific regulations, Lux Re-
search cautions regulators not to embrace "one-size-fits-all" na-
noregulation, but instead regulate nanomaterials "by adjusting
appropriate [existing] individual regulations instead of creating
new laws."'66 Although companies, whether nano-based or not, pre-
dictably bristle at burdensome regulations, "a lack of regulations
poses just as big an obstacle to commercial success. '67 "[T] he ab-
sence of regulation drives perceptual risk; the longer the field limps
along without regulations, the more restless NGOs will grow and
the harder it will be to gain consumer trust. 68
THE ROYAL SOCIETY, INSIGHT INVESTMENT, AND THE NA-
NOTECHNOLOGY INDUSTRIES ASSOCIATION (NIA) HAVE PROPOSED A
DRAFT RESPONSIBLE NANOTECHNOLOGIES CODE (CODE) THAT INCOR-
PORATES A SO-CALLED PRINCIPLES-BASED APPROACH TO GUIDE THE RE-
SPONSIBLE DEVELOPMENT OF NANOTECHNOLOGY. THE CODE IS
CURRENTLY UNDERGOING PUBLIC REVIEW AND COMMENT. 6 9 Under
Principle Three of the draft Code, "[e]ach Organi[z]ation should
identify and minimi [z] e sources of risk for workers handling prod-
ucts using nanotechnologies, at all stages in the production process
or in industrial use, to ensure high standards of occupational
health and safety."' 70 Principle Four states, "[e]ach Organi[z]ation
should carry out thorough risk assessments and minimi [z] e any po-
66. See HOLMAN, supra note 60, at 32 (emphasizing variable nanotechnology
regulations catered to specific company practices and needs). Lux's position con-
stitutes an implicit rejection of the call by Davies and others for new laws to govern
the management of nanomaterials. See Memorandum from John H. Marburger,
III &James L. Connaughton to the Heads of Executive Dep't and Agencies, Presi-
dent's Council on Envtl. Quality, President's Office of Sci. and Tech. Policy, Princi-
ples for Nanotechnology Environmental, Health, and Safety Oversight 1 (Nov. 8,
2007) (on file with author) (viewing existing statutory authorities as adequate to
address oversight of nanotechnology and its applications). The memorandum also
articulates principles to consider in developing regulations for nanotechnology,
citing that "[r]egulatory approaches should be performance based to the extent
feasible and provide predictability and flexibility in the face of evolving science
and technology." Id.
67. See HOLMAN, supra note 60, at 30 (citing necessity for nanomaterial regula-
tions to monitor and concentrate industry aims).
68. Id. (emphasizing need for nanotechnology regulation to satisfy consumer
informational needs and harness industry activities).
69. See THE ROYAL SOCIETY, INSIGHT INVESTMENT & THE NANOTECHNOLOGY IN-
DUSTRIES ASSOCIATION, RESPONSIBLE NANOTECHNOLOGIES CODE, CONSULTATION
DRAFT 1, 7 (2007), http://www.responsiblenanocode.org/documents/Responsible
NanoCodeConsultationDraft17September07.doc (noting collaborative effort to
create industry-wide nanomaterial standards).
70. Id. (quoting Third Principle in draft).
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tential public health, safety and environmental risks relating to its
products using nanotechnologies. 71
A number of public interest organizations, alarmed by what
they perceive as the growing and unregulated threat of na-
notechnology, have invoked the Precautionary Principle in advocat-
ing a more draconian regulatory approach to address potential
risks from nanomaterials. 72 As a prerequisite to commercialization,
nanomaterials would be subject to comprehensive life-cycle envi-
ronmental, health, and safety impact assessments where worst-case
exposure scenarios are assumed, and the untested or unsafe use of
71. Id. (quoting Fourth Principle in draft). On February 7, 2008, the Euro-
pean Commission adopted a non-binding code of conduct for responsible nanos-
ciences and nanotechnologies research, based on the precautionary principle. See
COMMISSION OF THE EUROPEAN COMMUNITIES, COMMISSION RECOMMENDATION I
(Feb. 7, 2008) ftp://ftp.cordis.europa.eu/pub/nanotechnology/docs/nanocode-
recommendation-pe0894c08424_en.pdf (establishing guidelines); see also Stephen
Gardner, European Commission Poised to Launch Nanotechnology Research Code of Con-
duct, BUREAU NAT'L AFFAIRS DAILY ENV'T REPORT, Dec. 6, 2007, at A-4 (describing
proposed European nanotechnology code of conduct). The United Kingdom's
Royal Society hopes to launch its own Responsible NanoCode in March 2008, that
"will cover worker safety, risk management, social and ethical implications, respon-
sible marketing and supply chain engagement." Id. The Organization for Eco-
nomic Cooperation Development (OECD) has also been grappling with the
potential human health and environmental risks posed by nanomaterials. See Law-
rence J. Speer, OECD Countries Launch Program on Safety Testing of Nanomaterials,
BUREAU NAT'L AFFAIRS DAILY ENV'T REPORT, Dec. 3, 2007, at A-4 (describing multi-
lateral testing program of OECD). The OECD created a Working Party on Manu-
factured Nanomaterials which has established a testing program for
nanomaterials. See id. The testing program will focus initially on single-walled car-
bon nanotubes, multi-walled carbon nanotubes, fullerene (C60), and cerium oxide.
See id. Testing will be conducted by a number of OECD member countries that
have yet to be named. See id.
72. See JENNIFER SASS, PH.D., SENIOR SCIENTIST, NATURAL REs. DEF. COUNCIL,
NANOTECHNOLOGY'S INVISIBLE THREAT, SMALL SCIENCE, BIG CONSEQUENCES 1, 7
(May 2007), http://www.nrdc.org/health/science/nano/nano.pdf (noting
NRDC, Friends of the Earth, Greenpeace, and Sierra Club dislike voluntary pro-
gram). "When an activity raised threats of harm to human health or the environ-
ment, precautionary measures should be taken even if some cause and effect
relationships are not fully established scientifically." Id. at 7 (quoting NRDC com-
ments on EPA proposal to regulate nanomaterials through a voluntary pilot pro-
gram). Nanotechnologies provide the government with an opportunity to make a
fresh start and develop a precautionary regulatory framework for a new generation
of chemicals and substances, some of which will almost certainly be harmful. Id.;
see also ICTA.gov, Principles for the Oversight of Nanotechnologies and Nano-
materials, http://www.icta.org/doc/Principles%20for%20the%200versight%20of
%20Nanotechnologies%20and%2ONanomaterialsjfinal.pdf (last visited Feb. 26,
2008) (detailing precautionary principles for nanotechnology oversight). Over 40
environmental, labor, and other public interest organizations are signatories to
this document. See Press Release, International Center for Technology Enhance-
ment, Broad International Coalition Issues Urgent Call for Strong Oversight of
Nanotechnology (Jul. 31, 2007), available at http://www.icta.org/press/release.
cfm?news-id=26 (providing list of initial endorsing organizations).
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nanomaterials would be prohibited.73 In short they propose "no
health and safety data, no market. ' 74
V. WHAT IS AT STAKE?
The public's perception of risks, whether or not they are ulti-
mately borne out, is an important consideration for businesses hop-
ing to commercialize nanotechnology. Yet according to a recent
national survey, the public is generally unaware of na-
notechnology. 75 The overwhelming majority of adults surveyed
have heard little or nothing about nanotechnology.7 6 The percent-
age of adults who report hearing some or a lot about na-
notechnology, however, increases with increasing levels of
education and income.7 7 Not surprisingly, a majority of adults sur-
veyed said they were simply too uncertain to assess the trade-offs
between the risk and benefits of nanotechnology. 78
As familiarity with nanotechnology increases, the Hart Survey
shows that adults are more likely to view the benefits of na-
notechnology as outweighing the potential risks.7 9 For adults who
reportedly have heard a lot about nanotechnology, over half believe
73. See SAsS, supra note 72, at 8 (outlining impact assessments as prerequisites
to commercialization).
74. Id. at 2 (promoting swift implementation of health and safety standards
regarding commercialization of nanotechnology). Other organizations have advo-
cated a precautionary approach to managing the potential risks from nanomateri-
als without invoking the Precautionary Principle per se, or otherwise embracing
the regulatory framework advocated by NRDC and others. For example, the Na-
tional Research Council (NRC) advocates the employment of "some precautionary
measures to protect the health and safety of workers, the public, and the environ-
ment." See NAT'L RESEARCH COUNCIL, supra note 11, at 91 (explaining need for
precautionary measures until more information is obtained). The NRC, however,
does not define what those precautionary measures should be or what level of risk
would be tolerable. NIOSH advocates precautionary measures to minimize
worker exposures. See NIOSH REPORT, supra note 29, at xii (providing list of pre-
cautionary measures).
75. See generally PETER D. HART, RESEARCH ASSOCIATES, INC., AWARENESS OF AND
ATrITUDES TOWARD NANOTECHNOLOGY AND FEDERAL REGULATORY AGENCIES 1 (Sept.
25 2007), http://www.pewtrusts.org/uploadedFiles/wwwpewtrustsorg/Reports/
Nanotechnologies/HartNanoPoll 2007.pdf (reporting statistical analysis of
awareness of and attitudes toward nanotechnology).
76. Id. at 4 (explaining seven in ten adults have heard little or nothing about
nanotechnology).
77. Id. at 5 (providing statistical analysis of public awareness of na-
notechnology). Sources of information on nanotechnology for those who have
heard something about nanotechnology include news programs, newspapers,
magazines, journals, and scientific publications. Id.
78. Id. at 6 (indicating half of adults surveyed were not sure about risks-versus-
benefits tradeoff of nanotechnology).
79. Id. at 8 (discussing positive relationship between awareness of na-
notechnology and risk assessment favoring benefits over risks).
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that the benefits will outweigh the risks. 80 This compares strikingly
with those who report not having heard anything about na-
notechnology, of whom only three percent believe that the benefits
will outweigh the potential risks.81
These percentages are likely to change over time, and their tra-
jectory depends in part on how the news media depicts na-
notechnology. Negative stories on nanotechnology's potential
human health and environmental risks may shift the public's per-
ception, with nanotechnology risks perceived as outweighing the
benefits. This in turn may fuel a consumer backlash against com-
mercialization of nanotechnology and the rapid divestiture of in-
vestment dollars.82
As the opportunity to directly meet the scientific and regula-
tory challenges of nanotechnology begins to fade, so too will the
likely impact of nanotechnology on the global economy, which is
projected to be one trillion dollars by 2015.83 The NNI, through its
many federal agency participants, needs to convey a greater sense
of urgency in both coordinating and funding robust efforts to an-
swer pressing scientific questions on nanomaterials. The EPA in
particular needs to move faster and with greater clarity in address-
ing potential risks from nanomaterials.
There is, however, room for cautious optimism. One risk man-
agement approach ideally suited to nanotechnology is the ability to
design away risk through what has been described as green na-
notechnology. "Green nanotechnology offers the opportunity to
head off adverse effects before they occur. ' 84 Vicki Colin of Rice
80. See HART, supra note 75, at 6 (suggesting greater familiarity with na-
notechnology breeds optimism of its benefits).
81. See id. (suggesting less familiarity with nanotechnology breeds skepticism
of its benefits). These findings, among others, "point to the need to provide the
public with the information it desires about nanotechnology, including its many
and varied applications, as well as the potential risks and benefits associated with
those applications." Id. at 12.
82. See Maynard, supra note 49, at 267-68 (describing importance of research
in order to increase public confidence in nanotechnologies which may have been
reduced through real or perceived dangers). "If the public is not convinced that
developers of this potentially transformative technology and their government
overseers can manage these risks, we will see a significant backlash against them
.... See NAT'L RESEARCH COUNCIL, supra note 11, at 173.
83. See NAT'L RESEARCH COUNCIL, supra note 11, at 63 (noting that economic
projects are fraught with considerable speculation and despite recent sky-high esti-
mates of nanotechnology's impact on global economy, NRC was unable to assess
extent to which nanotechnology research and development outputs contribute to
production of goods and services).
84. KAREN F. SCHMIDT, WOODROW WILSON INT'L CTR. FOR SCHOLARS, GREEN
NANOTECHNOLOGY: IT'S EASIER THAN You THINK 4 (April 2007) (discussing benefits
of green nanotechnology).
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University has noted, "[t]ight collaboration between materials engi-
neers, chemists, and toxicologists could provide the essential data
that can enable us to engineer safer nanomaterials from the begin-
ning.18 5 Additionally, glimmers of hope can be seen in the current
debate among the wide spectrum of stakeholders grappling with
nanotechnology's scientific and regulatory challenges. Despite ar-
eas of sharp disagreement, there appears to be general consensus
that there is no turning back from the benefits nanotechnology is
expected to yield.8 6
Green nanotechnology can proactively influence the design of nano-
materials and products by eliminating or minimizing pollution from the
production of nanomaterials, taking a life cycle approach to na-
noproducts to estimate and mitigate where environmental impacts might
occur in the product chain, designing toxicity out of nanomaterials and
using nanomaterials to treat or remediate existing environmental
problems. Id.
85. NAT'L RESEARCH COUNCIL, supra note 11, at 157 (discussing importance
and ways to engineer less dangerous nanomaterials).
86. See JENNIFER SASS ET AL., NATURAL RESOURCES DEFENSE COUNCIL AND
OTHERS COMMENT ON EPA PROPOSAL TO REGULATE NANOMATERIALS THROUGH A
VOLUNTARY PILOT PROGRAM 1, 10 (June 9, 2005), http://www.icta.org/doc/OPPT-
2004-0122-0037.pdf (discussing benefits that can yield from nanotechnology and
cautioning those who use such technology on wide scale).
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